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Abstract: Several cosmic ray experiments have measured the positron fraction up to few hundred GeV. Their data
have revealed an excess of positrons above 10 GeV that is not consistent with the secondary production of these
particles in the interstellar medium. A primary source like dark matter or astrophysical sources (e.g pulsars and
their nebulae) were considered to account for such an excess. In this paper we analyse the possibility of a primary
positron production due to pulsars. Under the assumption of equal initial spectra at the source for positrons,
electrons, and gamma-rays we study the propagation of particle spectra using a diffusion model in the Galaxy. We
focused our analysis on the Vela and Crab pulsars and their associated nebulae, which are well observed in gamma-
rays. Comparison with experimental data is reported. The propagated positron and electron spectra generated from
these sources result in a positron ratio, which is largely inconsistent with the excess observed by PAMELA and
AMS.
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1 Introduction
Cosmic ray positrons may be created in secondary produc-
tion processes. These interactions of primary cosmic ray
nuclei with the interstellar medium (ISM) produce pions
and kaons that decay in positrons [1]. The measure of their
flux at 10 GeV is ∼ 5−10% the electron flux. Following
this theory, the positron fraction (ratio between the positron
and the sum of electron plus positron flux) is expected to
decrease at high energy.
Extending the results of the previous experiments, AMS-
02 [2] detected an increasing positron fraction between 10
GeV and 350 GeV. This excess has been interpreted in dif-
ferent ways. Positron-electron pairs can be produced from
a star population e.g. pulsars [3], or to dark matter annihila-
tion [4]. We concentrate our attention on the pulsar contri-
bution.
High energy positrons are supposedly produced in pulsars
as showers due to the photon - magnetic field interaction
(see e.g. the seminal paper by Sturrock 1971 [5]). In the
nebula, that can surround the pulsar, the interaction is with
matter, and high energy electrons, positrons and photons
may derive through the pion production. In both cases one
can assume as a first approximation that particles and gam-
ma rays have similar spectra at high energy.
2 The injection spectrum
The pulsar and nebula spectra are usually described as
function of energy with a power law and an exponential
cutoff.
dN
dE
∝ E−αe−
E
Ecut (1)
The Fermi experiment [6] found cutoff of less than 10 GeV
for pulsars. Other experiments, like HESS [7], have detected
high energy gamma ray from nebula with cutoff of more
than 1 TeV. For this reason, in this work we focused our
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Fig. 1: Gamma ray flux from Crab pulsar [9] in red circle
and nebula [8, 9] in red triangle and from Vela pulsar
[11] in blue circle and nebula [7, 10] in blue triangle; the
pulsar spectra are detected by Fermi collaboration, while
the nebulae spectra is observed from Fermi at low energy
and from HESS collaborations for energy above 500 GeV
attention on the nebula spectrum. The gamma ray spectrum
of the Crab nebula [8, 9] and its pulsar [9] is known, as well
as that of Vela (nebula Vela-X [7, 10] and pulsar [11]) (see
Fig. 1).
Our key assumption is that these spectra represent the
positron sources for a pulsar plus nebula source of about
103 and 104 years (Crab and Vela ages respectively). We
approximated the Crab spectra above 1 GeV with the eq.
(1), spectral index α ∼ 2.2 and an exponential energy cutoff
at Ecut ∼ 10 TeV.
In our analysis we considered the same total energy output
for photons and for particles. The luminosities of the Crab
nebula and Vela-X are 4.6 ·1035 erg/s and 1.1 ·1033 erg/s
respectively. These correspond at ∼ 0.1% and ∼ 0.02% of
the pulsar spin-down luminosities.
We assumed the following power law relation between the
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gamma luminosity (Lγ ) of Crab and Vela nebulae and their
ages τ .
Lγ ∝ τ−Γ (2)
For these two nebulae we found an index Γ∼ 2.5. Using an
injection spectrum for particles like:
Q(E) = Q0E−αe−
E
Ecut (3)
we extracted the normalization factor (Q0) deriving it from
the photon total energy output.
At the birth of Vela-X we assumed the same spectrum of
the Crab nebula. During its life we divided the spectrum
in step of 1000 years. Each of these 10 steps (between the
ages of the two objects) corresponds to a bunch of energy
emitted at the end of the step. In this case the time between
the end of the bunch and the present epoch is the diffusion
time t. Using eq. (2) we derived the normalization factor:
Q0 =
∫
Lγ(τ)dτ∫
E1−αe−
E
Ecut dE
. (4)
where the integral over time corresponds to the duration of
the step (1000 years).
3 The Model
The time evolution of the energy density Ne(x,E, t) for elec-
trons and positrons is proposed in [12, 13]. The diffusion
equation is:
∂Ne(x,E, t)
∂ t
= Q(E)
+~∇ ·
[
D(E)~∇Ne(x,E, t)
]
(5)
+
∂
∂E
[b(E)Ne(x,E, t)]
where E and x are the observable energy of the particle and
the distance between the pulsar and the Solar System. The
terms b(E) = b0E2 and D(E) represent the energy loss and
the diffusion coefficient, both assumed spatial independent.
Q(E) is source term reported in eq. (3).
The analytic solution of this equation is reported in (7)
where we defined the flux J(E) = cNe(E)/(4pi) [13, 14]
and:
σd(E,E0) =
∫ E0
E
D(E ′)dE ′
b(E ′)
(6)
that contains the diffusion term. The differential intensity
of the positrons or electrons injected from the source and
diffuse in ISM is:
J(x,E, t) =
c
4pi
Q0
(4piσd)3/2
E−α (1−b0tE)α−2 (7)
e
− EEcut (1−b0tE) e−
x2
4σd
In our case we calculated the spectrum at the Solar System
using the equation (7) for each bunch, we sum all the con-
tributions and we reported the results in Fig. 2.
At 100 GeV the differential intensity of electrons (and
positrons) from Vela-X is ∼0.1% of the electron flux
detected by PAMELA. Combining the informations
from the Fig. 2 and Fig. 6 reported in [2] we obtained
that Vela-X contributes for about 1% of the estimated
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Fig. 2: Vela nebula diffuse spectrum (in black) of positrons
and electrons at the Solar System, in red dots the PAMELA
[15] electron flux.
positron flux at 100 GeV.
The electron and positron spectrum from Crab is negligi-
ble because the time between the emission of the particles
and the present time is less than the diffusion time (∼ 106
years for a positron with E = 100 GeV and distance be-
tween Crab and Solar System ∼ 2 kpc). We considered also
the particle spectrum from the pulsars presented in the first
Fermi-LAT catalog [6] using the model described above.
Analysing the gamma luminosity and age of the pulsars we
used the same power law of eq. (2) with Γ∼ 0.4 (we used
the values of age and gamma luminosity reported in tables
1 and 4 of [6]). The total contribution of these pulsars is at
low energy (E < 10 GeV) and of one order of magnitude
less than the Vela nebula contribution.
We also tried to interpret AMS-02 ratio with a pulsar with
particular features like: d = 90 pc, τ = 9 kyr, α = 2.2 and
Ecut = 500 GeV, but there no evidence of this object close
to us.
4 Conclusions
We studied the possible contribution of primary particles
from pulsars and nebulae for interpreting the positron frac-
tion in cosmic rays. Under the assumption that the injection
spectrum of electrons and positrons is the same observed in
gamma rays, we compared the diffuse differential intensity
with the experimental data. This contribution is hardly able
to explain the observations of PAMELA and AMS-02. The
reasons are that spectra from pulsars have a lower cutoff
(less than 10 GeV), while the two nebulae contribute of
about 1% of the estimated positron flux at 100 GeV. The
positron fraction of AMS-02 may be fitted by an hypotheti-
cal pulsar close to us, very young and with a high energy
cut-off. The absence of observational evidences of such an
object opens new hypothesis of the positron production in
the Galaxy.
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